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The hazard ratios for PCS scores of less than 20, 20 to 29, andThe association between mental health, physical function, and
30 to 39 were 1.97 (95% CI, 1.64 to 2.36), 1.62 (95% CI, 1.36hemodialysis mortality.
to 1.92), and 1.32 (95% CI, 1.11 to 1.57) compared with a PCSBackground. Mortality rates for individuals on chronic he-
score of 50 or more. Six-month decline in self-reported mentalmodialysis remain very high; therefore, strategies are needed to
health (hazard ratio, 1.07; 95% CI, 1.02 to 1.12, per 10-pointidentify individuals at greatest risk for mortality so preventive
decline in MCS score) and physical function (hazard ratio, 1.25;strategies can be implemented. One such approach is to stratify
95% CI, 1.18 to 1.33, per 10-point decline in PCS score) wereindividuals by self-reported mental health and physical func-
also both significantly associated with an additional increasetion. Examining these parameters at baseline, and over time,
in mortality beyond baseline risk. We also found a significantmay help identify individuals at greater risk for mortality.
interaction between age and physical function (P 0.02). Spe-Methods. We enrolled 14,815 individuals with end-stage re-
cifically, there was a graded response between the PCS scorenal disease (ESRD) and followed these individuals for up to
category and mortality in most age strata, but this relationship2 years. The mean age was 61.0  15.4 years (range, 20 to 96
was not observed in the oldest age (85 years old or older).years) and 31% were African Americans. The SF-36 Health
Conclusion. In individuals newly initiated on chronic hemo-Survey was administered 1 to 3 months after hemodialysis initia-
dialysis, self-reported baseline mental health and physical func-tion and 6 months later. We examined the associations between
tion are important, independent predictors of mortality, andthe initial SF-36 Health Survey mental component summary
there is a graded relationship between these parameters and(MCS) and physical component summary (PCS) scores and
mortality risk. Following these parameters over time providesmortality during the follow-up period, and examined the associ-
additional information on mortality risk. One must also con-ations between 6-month decline in PCS and MCS scores and
sider age when interpreting the relationship between physicalsubsequent mortality. We also examined the interactions be-
function and mortality.tween age and MCS and PCS scores. The general population-
based mean of each of these scores was 50 with a standard
deviation of 10. The main outcome measurement was death.
Results. Self-reported baseline mental health (MCS score)
Despite technological advances in hemodialysis overand physical function (PCS score) were both independently
the past several years, overall mortality rates for individ-associated with increased mortality, and 6-month decline in
uals undergoing maintenance hemodialysis are abysmallythese parameters was also associated with increased mortality.
The multivariate hazard ratios for 1-year mortality for MCS high, especially in older people. The reported 1999 aver-
scores of less than 30, 30 to 39, and 40 to 49 were 1.48 (95% age life expectancy for individuals with end-stage renal
CI, 1.32 to 1.64), 1.23 (95% CI, 1.14 to 1.32) and 1.18 (95% disease (ESRD) was 2.3 years for those 75 to 79 years old,CI, 1.10 to 1.26) compared with a MCS score of 50 or more.
1.9 years for those 80 to 84 years old, and 1.6 years for
those 85 years old and older [1]. These rates compare
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is limited, despite data linking depression with mortality SF-36 Health Survey
in other populations [5–7]. One recent study of individu- The SF-36 Health Survey is a generic health survey
als undergoing hemodialysis using the SF-36 Health Sur- that was constructed to yield a profile of scores that
vey found no association between self-reported mental would be useful in understanding population differences
health and mortality [8]. Another study found no associa- in physical and mental health status and the health bur-
tion between baseline level of depression and mortality, den of chronic disease [15]. Subsequently, using factor
but found when depressive affect was treated as a time- analytic methods, it was discovered that 80% to 85%
varying covariate, level of depression was associated with of the reliable variance in the eight original scales was
mortality [9]. A more recent study found that prevalent accounted for by two summary measures: (1) the mental
depression, as measured by two simple questions, was component summary (MCS) score and (2) the physical
associated with increased mortality in this population [10]. component summary (PCS) score. The MCS score is
Physical function has also been identified as a predictor composed of questions ascertaining mental health, emo-
of mortality in other populations, such as hospitalized tional role functioning, social functioning, and vitality,
elders [11, 12], and there are data demonstrating that and is highly correlated with the mental health subscore
physical function predicts mortality in individuals under- (r  0.87). The MCS score is negatively correlated with
going hemodialysis [8, 13], although not all studies have the Hamilton Depression Rating Scale (HAM-D, r 
confirmed these results [14], possibly due to limited power.
0.57, P 0.0001) and the Clinician’s Global Impression
However, to our knowledge, no published studies have
of depression severity (CGI severity, r  0.53, P 
examined change in physical function as a predictor of
0.0001) [16]. The PCS score is composed of questions
mortality, and published studies have not examined the
ascertaining physical functioning, physical role function-interaction between age, physical function, and mortality.
ing, bodily pain, and general health. There is a highTherefore, given this background data, we sought to
correlation between the PCS score and the physical func-provide more detail on the relation between baseline men-
tioning subscore (r  0.88). The PCS and MCS scorestal health, physical function, and mortality. We also hypoth-
are transformed so that 50 represents the mean of theesized that decline in these parameters may be associated
general United States population and the standard devia-with additional mortality risk beyond baseline risk. Finally,
tion is 10. We classified the MCS score as less than 30,we hypothesized that physical function may be a more
30 to 39, 40 to 49, and 50 or higher, and the PCS scoresensitive predictor of mortality in older individuals under-
as less than 20, 20 to 29, 30 to 39, 40 to 49, and 50 orgoing hemodialysis compared with younger individuals.
higher. We did not use the less than 20 category for MCS
score because there were very few individuals in this
METHODS category.
Study population
Ascertainment of other factors
We included individuals 20 years old or older who
We included information on multiple potential con-newly initiated hemodialysis between 1996 and 1998 at
founders of the relationship between self-reported men-782 facilities operated by Fresenius Medical Care (FMC),
tal health and physical function and mortality. TheseNorth America and completed a SF-36 Health Survey 1
included age, gender, race, marital status, diabetes, andto 3 months after initiation. Assistance with survey com-
cause of ESRD. We also included weight, systolic andpletion was offered, if necessary. The follow-up period
diastolic blood pressure, urea reduction ratio, albumin,for the study began 3 months after hemodialysis initia-
hemoglobin, ferritin, parathyroid hormone (PTH), cal-tion, and individuals were followed for up to 2 more years.
cium, and phosphorus. We created a separate variableDuring this time period, the SF-36 Health Survey was
to examine pulse pressure. Weight and blood pressureroutinely administered within 3 months of hemodialysis
were measured after hemodialysis, and blood pressureinitiation and every 6 months thereafter.
was measured in the sitting position. Laboratory dataThere were a total of 40,038 individuals 20 years old or
were measured before hemodialysis, and the urea reduc-older who newly initiated hemodialysis at FMC between
tion ratio was defined as the fractional decline in blood1996 and 1998 and did not die, transfer to a different
urea nitrogen (BUN) after dialysis. Variables with re-hemodialysis facility, have a kidney transplant, or re-
peated measures, including blood pressure, dialysis dose,cover renal function during the first 3 months after hemo-
and laboratory measurements, were averaged over thedialysis initiation. Of these, 832 did not have an SF-36
3 months of initial data collection.Health Survey administered, and 24,391 had the SF-36
This study was approved by the administration of FMCHealth Survey administered outside the prespecified
and the Brigham and Women’s Hospital Institutionaltime period. This left a total of 14,815 individuals eligible
for our study. Review Board.
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Statistical analysis ables for each MCS score or PCS score category within
each age category. These categories were as follows withFor continuous variables, the mean and standard devi-
the first category serving as the referent group: age,ation were calculated. For categoric variables, we exam-
younger than 45 years and MCS score of 50 or higher;ined the percent of individuals who were in each cate-
age, younger than 45 years and MCS score 40 to 49, etc.,gory. We separately examined the mean age of those
and we created similar categories for age and PCS score.individuals who did not have a SF-36 Health Survey
We also assessed the interaction between age and MCSadministered, or who had an SF-36 Health Survey out-
score and age and PCS score using age, MCS score, andside of the prespecified time period. Associations be-
PCS score in the models as continuous variables, whiletween MCS and PCS score categories and mortality were
simultaneously adjusting for potential confounders. Simi-determined using multivariate proportional hazard tech-
larly, using age, 6-month MCS score change, and 6-monthniques [17]. If an individual died during follow-up, then
PCS score change as continuous variables, we examinedthe death date was recorded, and individuals were cen-
the interactions between age and 6-month change insored if they transferred to a different hemodialysis facil-
MCS and PCS score. We also performed additional multi-ity, received a renal transplant, or recovered renal func-
variate models excluding individuals who withdrew fromtion. We examined the outcome of mortality at 1 year
hemodialysis. Finally, we examined the correlations be-and 2 years after the initial 2-month SF-36 Health Survey
tween MCS and PCS, age and MCS, and age and PCS.data collection period. One-year mortality was the pri-
All analyses were performed using SAS statistical soft-mary outcome. We created Kaplan-Meier survival curves
ware (version 8.2, SAS Institute, Cary, NC, USA).to test the proportional hazards assumption for MCS
and PCS categories, and there was no evidence to reject
this assumption. All of the prespecified potential con- RESULTS
founders were included in each multivariate model. Age Characteristics of the population are presented by age
was classified as younger than 45 years old, 45 to 54 years group (Table 1), MCS category (Table 2), and PCS cate-
old, 55 to 64 years old, 65 to 74 years old (“young old”), gory (Table 3). The mean age of the total population
75 to 84 years old (“old”), and 85 years old and older was 61.0  15.4 years (range, 20 to 96 years), the mean
(“oldest old”). Gender, race, and marital status were MCS score was 46.0  11.3 (range, 20 to 96) and the
classified as categorical variables. The presence or ab- mean PCS score was 31.6  9.8 (range, 5 to 65). The
sence of diabetes was classified as type 1 diabetes melli- mean age was 65.7  13.9 years (range, 21 to 95 years)
tus, type 2 diabetes mellitus, no diabetes, or unknown for those who did not have an SF-36 Health Survey
diabetes status. The cause of ESRD was classified as administered (N  832), and the mean age for those
diabetes, hypertension, nephritis, renal artery stenosis, who had an SF-36 Health Survey administered outside
primary vascular disorder, collagen-vascular disease, po- the prespecified time period (N  24,391) was 59.8 
lycystic kidney disease, or other. Weight, systolic blood 15.4 years (range, 20 to 97 years).
pressure, diastolic blood pressure, urea reduction ratio, Older individuals (age, 65 years old or older) had
albumin, hemoglobin, ferritin, PTH, calcium, and phos- lower PCS scores compared with younger individuals (age,
phorus were classified as continuous variables. Missing younger than 65 years old), but their MCS scores were
values for other variables were treated as follows: for similar. In addition, older individuals were less likely to
categoric variables we created separate indicator vari- be African Americans, weighed less, were more likely to
ables, and for continuous variables we assigned the popu- have hypertension as the cause of ESRD, and had lower
lation median value. No more than 22% of individuals diastolic blood pressures and phosphorus levels com-
had missing information for any variable. We calculated pared to younger individuals (age, younger than 65 years
the P value for trend for the association between MCS old). Individuals with very low PCS scores (less than 20)
score and PCS score and mortality using the median were older, more likely to be female, less likely to be
value for each category. In other words, we inserted a African Americans, more likely to have type 2 diabetes,
variable into the model that represented the median value and had lower albumin and phosphorus levels than those
for each MCS and PCS category, weighted by the number with higher PCS scores (50 or higher). There were no
in each category, and ran the model with this variable clear associations between MCS score and any popula-
included. To examine the impact of change in PCS and tion characteristics. Age was negatively correlated with
MCS scores, we examined the multivariate association PCS score (r  0.20, P  0.001), and very weakly
between a 10-point change over 6 months and mortality. positively correlated with MCS score (r  0.03, P 
Specifically, we examined change in PCS and MCS score 0.001). There was also a very weak positive correlation
from baseline to 4 to 8 months after baseline. between MCS score and PCS score (r 0.04, P 0.001).
To explore potential interactions between age and MCS The percent of individuals who died, or were censored,
after 1 year are presented in Table 4. Of those censored,score and age and PCS score, we created separate vari-
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Table 1. Demographic, clinical and laboratory characteristics of the study population by age category (N  14,815)
45 45–54 55–64 65–74 75–84 85
(N  2401) (N  2351) (N  2999) (N  4052) (N  2564) (N  448)
Female % 42 46 48 49 49 49
African American % 42 41 33 25 21 20
Married % 37 55 60 57 50 33
Weight kg 7725 8226 7823 7220 6617 6215
Cause of ESRD %
Hypertension 33 32 30 34 43 54
Diabetes 25 40 46 43 31 17
Nephritis 19 11 9 8 8 9
Renal arterial disease 1 1 1 2 4 2
Primary vascular disease 1 1 1 2 2 2
Collagen vascular disease 4 1 1 1 1 1
PCKD 2 3 2 1 1 1
Diabetes %
Type 1 16 8 4 2 2 1
Type 2 17 45 60 56 42 27
Blood pressure mm Hg
Systolic 14417 14518 14418 14318 14119 13920
Diastolic 8110 7809 749 729 698 679
Lab measurements
Urea reduction ratio % 648 648 658 668 678 688
Albumin g/dL 3.60.5 3.60.4 3.60.4 3.60.4 3.50.4 3.50.4
Hemoglobin g/dL 10.01.3 10.11.2 10.21.2 10.21.1 10.21.0 10.31.1
Ferritin mg/dL 272385 2736.2 277286 277279 270282 263270
Parathyroid hormone pg/mL 336333 321341 289289 264280 260259 279274
Calcium mg/dL 8.60.7 8.60.7 8.60.7 8.60.7 8.60.6 8.50.6
Phosphorus mg/dL 5.81.5 5.51.4 5.31.3 5.11.3 4.81.2 4.71.2
PCS score %
20 4 7 9 10 11 13
20–29 25 33 39 43 42 42
30–39 36 35 31 30 32 31
40–49 24 17 16 14 13 11
50 11 7 5 4 3 2
MCS score (%)
30 9 9 6 7 6 4
30–39 22 24 25 25 24 22
40–49 29 28 28 28 29 29
50 40 39 41 41 41 44
Abbreviations are: ESRD, end-stage renal disease; PKCD, polycystic kidney disease; PCS, physical component summary; MCS, mental component summary.
Results are presented as percentages or mean  standard deviation.
79% were transferred to a different hemodialysis facility, than 55 years, appeared to be absent in the oldest old
(85 years old or older).14% received a kidney transplant, and 5% recovered
renal function. When we examined 6-month change in MCS and PCS
scores, 5773 individuals had information on both baselineIn age-adjusted and multivariate analyses, MCS score
and PCS score were both independently associated with and 6-month scores. Among these individuals, the mean
MCS score change was –1.6  11.9 and the mean PCS1-year mortality (Table 5). For comparison, the multivar-
iate hazard ratio for a 1 g/dL increment in albumin was score change was –1.0  9.9. A 10-point decline in MCS
score was associated with a significant additional increase0.71 (95% CI, 0.69 to 0.74).
We observed similar associations between PCS score in mortality (hazard ratio  1.07; 95% CI, 1.02 to 1.12)
after adjusting for baseline MCS score. A 10-point de-and MCS score and mortality when we examined 2-year
mortality. The multivariate trend for the association be- cline in PCS score was also significantly associated with
additional increased mortality (hazard ratio 1.25; 95%tween MCS category and 1-year mortality was also highly
significant (P 0.001), and there was no significant inter- CI, 1.18 to 1.11) after adjusting for baseline PCS score.
We did not observe a significant interaction between ageaction between age and MCS score (P  0.17). The
multivariate trend for the association between PCS cate- and 6-month MCS score change (P  0.29) and age and
6-month PCS score change (P  0.12).gory and mortality was also highly significant (P 0.001),
and the impact of PCS score on mortality differed by The percentages of individuals who withdrew from he-
modialysis categorized by baseline MCS score were 7%age group (P for interaction  0.02) (Fig. 1). Most nota-
bly, the graded association between PCS score and mor- (less than 30), 7% (30 to 39), 6% (40 to 49), and 6% (50
or higher). For PCS score the withdrawal rates were astality in younger individuals, particularly those younger
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Table 2. Demographic, clinical and laboratory characteristics of the study population by SF-36 Health Survey
mental component summary (MCS) score (N  14,815)
30 30–39 40–49 50
(N1060) (N3553) (N4224) (N5978)
Age years 5816 6115 6116 6116
Female % 46 50 48 46
African American % 26 29 32 33
Married % 53 52 52 52
Weight kg 7524 7322 7422 7523
Cause of ESRD %
Hypertension 32 34 36 35
Diabetes 42 38 37 37
Nephritis 9 11 10 11
Renal artery disease 2 2 1 1
Primary vascular disease 1 1 1 1
Collagen vascular disease 1 1 1 1
PCKD 1 2 2 2
Diabetes %
Type 1 7 5 5 6
Type 2 46 47 45 44
Blood pressure mm Hg
Systolic 14419 14319 14318 14318
Diastolic 7611 7410 7410 7410
Laboratory measurements
Urea reduction ratio % 658 668 668 668
Albumin g/dL 3.50.4 3.50.4 3.50.4 3.60.4
Hemoglobin g/dL 10.11.1 10.11.1 10.11.2 10.21.2
Ferritin mg/dL 273319 279324 279499 269298
Parathyroid hormone pg/mL 268241 279313 287298 301302
Calcium mg/dL 8.50.7 8.60.7 8.60.7 8.60.7
Phosphorus mg/dL 5.31.4 5.21.4 5.31.4 5.21.3
PCS score %
20 2 5 8 13
20–29 43 44 40 31
30–39 35 36 33 29
40–49 17 13 15 19
50 3 3 4 8
Abbreviations are: ESRD, end-stage renal disease; PCKD, polycystic kidney disease; PCS, physical component summary. Results are presented as percentages or
mean  standard deviation.
follows: 9% (less than 20), 8% (20 to 29), 5% (30 to 39), clear “dose-response” relation between PCS score and
mortality in individuals younger than 55 years of age,4% (40 to 49) and 3% (50 or higher). When we performed
but this relation was less apparent in other age groups,multivariate analyses excluding these individuals, there
especially the oldest old (85 years old or older).were no substantial changes in our results. Finally, when
Self-reported mental health, and depression in particu-we performed separate analyses, including pulse pres-
lar, has been shown to independently predict mortalitysure, instead of systolic and diastolyic blood pressure as
in older hospitalized individuals [5] and individuals withseparate variables, there were no substantial changes in
cardiovascular disease [6, 7]. Data on self-reported men-our results.
tal health and hemodialysis mortality, though, are incon-
clusive. DeOreo [8] in a large study (N 1000) found no
DISCUSSION significant association between MCS score and mortality
We found that lower self-reported mental health and (percent survival for 5-point change in MCS  1.4%;
physical function were both significantly associated with 95% CI, –6.5 to 8.9). Merkus et al [18], in a relatively
increased mortality in individuals undergoing hemodial- small study (N  189), found an association between an
ysis, and this relationship was graded across a large spec- MCS score 30 or higher and a composite measure of poor
trum of mental health and physical function scores. Six- outcome, but the composite measure did not include
month decline in these parameters was also associated mortality. A more recent study by Kimmel et al [9] (N 
with increased mortality risk beyond baseline risk. In 295) found no association between the baseline Beck
addition, we observed a significant interaction between Depression Inventory score and subsequent 2-year mor-
age, self-reported physical function, and hemodialysis tality, but found this score was associated with mortality
mortality. Contrary to our a priori hypothesis about the when treated as a time-varying covariate based on peri-
odic follow-up assessments. Another recent, larger studyrelation between physical function and age, there was a
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Table 3. Demographic, clinical and laboratory characteristics of the study population by SF-36 Health Survey physical component summary
(PCS) score (N  14,815)
20 (N  1288) 20–29 (N  5554) 30–39 (N  4791) 40–49 (N  2389) 50 (N  793)
Age years 6514 6314 6016 5717 5316
Female % 58 52 44 40 38
African American % 25 28 33 35 36
Married % 50 52 53 52 54
Weight kg 7322 7322 7523 7522 7624
Cause of ESRD %
Hypertension 30 33 36 37 38
Diabetes 45 42 36 31 25
Nephritis 9 9 11 13 15
Renal artery disease 1 2 2 1 1
Primary vascular disease 1 2 1 1 1
Collagen vascular disease 2 1 1 1 2
PCKD 1 1 2 3 5
Diabetes %
Type 1 5 6 6 5 7
Type 2 56 51 43 37 29
Blood pressure mm Hg
Systolic 14119 14319 14418 14417 14417
Diastolic 7110 7310 7510 7610 779
Lab measurements
Urea reduction ratio % 669 668 658 668 658
Albumin g/dL 3.50.4 3.50.4 3.60.4 3.60.4 3.70.4
Hemoglobin g/dL 10.01.1 10.11.1 10.21.2 10.21.2 10.21.2
Ferritin mg/dL 302392 288472 267301 250253 242220
Parathyroid hormone pg/mL 257261 274284 30132 305300 33532
Calcium mg/dL 8.60.7 8.60.7 8.60.7 8.60.7 8.60.7
Phosphorus mg/dL 5.01.3 5.21.4 5.31.4 5.31.4 5.41.5
MCS score %
30 1 8 8 7 4
30–39 14 28 26 19 12
40–49 26 30 29 27 23
50 58 34 37 47 61
Abbreviations are: ESRD, end-stage renal disease; PCKD, polycystic kidney disease; MCS, mental component summary. Results are presented as percentages or
mean standard deviation.
(N  5256) examined the association between prevalent self-reported mental health and increased mortality in
this population may be that depressed individuals prefer-depression and mortality [10]. Depression was measured
by two questions: (1) “Have you felt so down in the dumps entially withdraw from hemodialysis. However, when we
performed additional analyses excluding these individu-that nothing could cheer you up?” and (2) “Have you felt
downhearted and blue?” Depression was diagnosed if als, the results were unchanged. Other potential mecha-
nisms for this association have been proposed. Covinskyan individual responded “a good bit of the time,” “most
of the time,” or “all the time” to either of these questions. et al [5] speculated that deficits in cognition caused by
depression may result in diminished adaptive skills inThat study found that depression, as diagnosed by a posi-
tive response to either question, was associated with an the face of illness, and affective symptoms associated with
depression may discourage friends and families from pro-increased risk of mortality (RR  1.39; 95% CI, 1.23 to
1.56). Strengths of that study included the large number viding needed assistance. There may also be biological
mechanisms to explain this association. For example,of enrolled individuals, the use of questions specifically
related to depression, and extensive comorbidity infor- psychologic stress has been associated with impaired
wound healing [19] and increased cardiac ischemia [20].mation, but that study used a questionnaire that has not
been well-validated compared to standard measurements Low self-reported mental health may be amenable to
treatment. For example, Wuerth et al [21] in individualsof depression and did not assess the impact of functional
status or change in depressive symptoms on mortality. on chronic peritoneal dialysis, showed an improvement
in Beck Depression Inventory scores with antidepressantThe reason that poor self-reported mental health is
associated with increased mortality in this population is therapy. Exercise training in individuals undergoing he-
modialysis has also been shown to improve Beck Depres-unknown. Poor self-reported mental health, as measured
by the SF-36 Health Survey MCS score, is strongly corre- sion Inventory scores [22]. Thus, identification and treat-
ment of individuals with low MCS scores and confirmedlated with validated measures of depression [16], and one
possible explanation for the association between lower depression may improve morbidity, and there is also evi-
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Table 5. Age-adjusted and multivariate-adjusteda Cox proportionalTable 4. Percentage of individuals who were dead or censoreda after
1 year by mental component summary (MCS) and physical hazards models of 1-year mortality by SF-36 Health Survey mental
component summary (MCS) score category and physical componentcomponent summary (PCS) categories (N  14,815)
summary (PCS) score category (N  14,815)
Dead Censored
Age-adjusted Multivariate-adjusteda
Age category hazard ratios hazard ratios
45 (N  2401) 7 35 Variable (95% CI) (95% CI)
45–54 (N  2351) 9 29
55–64 (N  2999) 14 28 MCS score
50 1.00 (referent) 1.00 (referent)65–74 (N  4052) 19 22
75–84 (N  2564) 25 18 40 and 50 1.21 (1.13–1.29) 1.18 (1.10–1.26)
30 and 40 1.28 (1.19–1.37) 1.23 (1.14–1.32)85 (N  448) 31 13
PCS 30 1.54 (1.38–1.72) 1.48 (1.32–1.64)
P for trend 0.00120 (N  1288) 22 20
20–29 (N  5554) 19 23 PCS score
50 1.00 (referent) 1.00 (referent)30–39 (N  4791) 14 27
40–49 (N  2389) 11 29 40 and 50 1.23 (1.03–1.47) 1.17 (0.98–1.41)
30 and 40 1.42 (1.19–1.68) 1.32 (1.11–1.57)50 (N  793) 8 32
MCS 20 and 30 1.85 (1.56–2.19) 1.62 (1.36–1.92)
20 2.38 (1.98–2.85) 1.97 (1.64–2.36)30 (N  1060) 18 25
30–39 (N  3553) 17 25 P for trend 0.001
Age category40–49 (N4224) 17 25
50 (N5978) 14 27 45 1.00 (referent) 1.00 (referent)
45–54 1.35 (1.18–1.54) 1.38 (1.21–1.59)aPatients were censored if they transferred to a different hemodialysis facility,
55–64 1.85 (1.64–2.09) 1.88 (1.65–2.15)received a renal transplant, or recovered renal function
65–74 2.43 (2.16–2.72) 2.37 (2.09–2.69)
75–84 3.23 (2.87–3.64) 3.13 (2.73–3.57)
85 4.33 (3.69–5.08) 4.11 (3.45–4.90)
aAlso adjusted for gender, race, marital status, cause of end-stage renal disease,
dence that treatment of depression may improve adher- diabetes, systolic and diastolic blood pressure, urea reduction ratio, albumin,
hemoglobin, ferritin, parathyroid hormone, calcium, and phosphorusence with medical therapy [23]. Future studies are needed
to see if improvement in mental health can decrease
mortality. The association between physical function and
mortality has been demonstrated in older hospitalized
individuals on a general medical service with diverse
diseases [11, 12], and in individuals with certain specific
diseases such as pneumonia and myocardial infarction
[24, 25]. There are also published data on the association
between self-reported physical function, mental health,
and hemodialysis mortality. A study published in 1991
by McClellan et al [13] (N  294) of incident individuals
found that the Karnofsky score, a measure of functional
impairment, was associated with hemodialysis mortality
after adjusting for multiple covariates. A larger study by
DeOreo [8], published in 1997 (N  1000), found an
association between PCS score and mortality (percent
survival change per 5-point increment in baseline PCS 
10.4%; 95% CI, 1.1 to 18) in prevalent individuals after
adjusting for multiple covariates. [8] However, a study
Fig. 1. Multivariate adjusted hazard ratios for the impact of age andby Ifudo et al [14], published in 1998 (N  522), found
SF-36 Health Survey physical component summary (PCS) score onno association between mortality and Karnofsky score hemodialysis mortality.
in prevalent individuals. None of these studies examined
change in physical function as a predictor of mortality,
and none examined the interaction between age and
ments, including gait speed and time from sit-to-stand.physical function.
Thus, in individuals undergoing hemodialysis, the PCSThe SF-36 Health Survey PCS score has been validated
score provides, at minimum, a rough approximation ofcompared with objective measurements of physical func-
objective physical function. Johansen et al [27] have alsotion in individuals undergoing hemodialysis. Painter et al
confirmed that objective measurements of physical func-[26] compared physical performance in individuals with
tion in individuals undergoing hemodialysis are low com-a low PCS score (34 or less) and a higher score (higher
pared with age-matched individuals.than 34). These authors found that the high PCS score
group scored higher on all physical function measure- The mechanism of how physical function influences
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mortality is probably very complex. Physical function is tial confounders only slightly attenuated the age-adjusted
hazard ratios for MCS and PCS score categories.a broad measurement tool that most likely represents a
composite picture of many different illnesses and psy- These study results may not be generalizable to all
individuals starting hemodialysis. Individuals in this studychosocial factors. In support of this claim, Walter et al
[12] found that when a physical function score was added had to have been undergoing hemodialysis for at least 3
months. Although individuals who died or were censoredto a model of mortality containing multiple comorbidi-
ties, most comorbidities that were significantly associated prior to 3 months were similar in age to the general popula-
tion, those who were undergoing hemodialysis for morewith mortality on bivariate analysis lost their prognostic
value. Physical function may also be a marker of disease than 3 months and did not complete a SF-36 Health Survey
were older (mean age  66 years). Therefore, the studyseverity [28].
The observed interaction between age and physical design may slightly overrepresent younger individuals
undergoing hemodialysis.function was very interesting. Traditionally, physical func-
tion has been used as a prognostic marker in older indi-
viduals, and we hypothesized that physical function would
CONCLUSIONbe an important predictor of mortality in older individuals
Low self-reported mental health and physical functionundergoing hemodialysis, but not necessarily in younger
were significantly associated with increased mortality inindividuals. However, contrary to our hypothesis, func-
a graded fashion in a large hemodialysis population, andtional status was a strong, independent predictor of mor-
the magnitudes of the observed associations were com-tality in younger individuals, but had limited discrimina-
parable to the increased mortality associated with clini-tory ability in the oldest old. This lack of discriminatory
cally meaningful albumin decrements. Six-month declinepower in the oldest old may be due to competing mortal-
in self-reported mental health and physical function wereity risk factors.
also significantly associated with additional risk of mor-Although there are no trials in individuals undergoing
tality. These results suggest that serial measurements ofhemodialysis showing decreased mortality with improve-
mental health and physical function may complementment in physical function, there is evidence that physical
other baseline measurements in assessing mortality riskfunction in these individuals can be improved through
in individuals undergoing hemodialysis. We also foundspecific interventions. For example, it has been demon-
that the impact of self-reported physical function on mor-strated that exercise training and physical rehabilitation
tality differed significantly by age group, so it is importantin individuals undergoing hemodialysis improves self-
to consider age when interpreting physical function data.reported physical functioning [26, 29–31], and individuals
It is also important to emphasize that depression, whichwith the lowest physical function, who have the highest
is associated with a low MCS score, and poor physicalmortality risk, benefit most from an exercise program [26].
functioning are both amenable to treatment. Finally, fu-Thus, future studies are needed to address the impact of
ture studies are needed to determine if interventionsinterventions to improve physical function on mortality.
targeted at improving physical function and mentalOur study has limitations that should be considered
health can reduce mortality in individuals undergoingwhen interpreting the data. First, we had only one stan-
hemodialysis.dardized measurement of self-reported mental and phys-
ical health, the SF-36 Health Survey. Although it would
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